Introduction
Sialadenoma papilliferum (SP) is a rare benign salivary gland tumor that most often arises from oral minor salivary glands, especially on the palate. Past reviews indicate that this tumor is perhaps the least common of all salivary gland tumors, comprising 0.4% of all minor salivary gland neoplasms accessioned at the Armed Forces Institute of Pathology [1] and 0.8 and 1.2% of all minor salivary gland neoplasms in two other large series [2, 3] . Sialadenoma papilliferum was described initially in 1969 by Abrams and Finck [4] , who reported two cases, one in the parotid gland and the other at the junction of the hard and soft palate. The tumor is so named because of its microscopic resemblance to the syringocystadenoma papilliferum, an uncommon benign tumor of sweat gland origin that has a predilection for the scalp and forehead [5] . The purpose of this paper is to report seven new cases of SP accessioned at the University of Kentucky College of Dentistry and to review the English language literature with regard to this rare salivary gland neoplasm.
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Materials and Methods
The files of the oral pathology laboratory at the University of Kentucky College of Dentistry (UKCD) were reviewed from 1996 to 2016. Paraffin blocks, hematoxylin and eosin-stained microscopic slides, and clinical information were available for review in each case. Patient privacy was maintained in accordance with institutional review board approval. New sections of each case were cut and immunoreacted for p63 (Biocare Medical, 1:150 dilution), p40 (Biocare Medical, 1:100 dilution), S-100 protein (Biocare Medical, 1:600 dilution), smooth muscle actin (SMA) (Biocare Medical, 1:150 dilution), and epithelial membrane antigen (EMA) (Dako, 1:50 dilution). These immunoreactants were selected in order to verify the cell types in SP and to perhaps aid in determining a cell of origin. In addition, the English language literature was reviewed for single case reports and short series of SP. Publications without microscopic images or those with questionable histopathologic features were excluded from our review. The case by Nakahata et al. did not include any clinical information, but photomicrographs were available for review [6] . Also excluded from our study were extraoral cases involving the sinonasal tract, bronchus, and esophagus.
Results
Seven new cases of SP were found from review of UKCD files. Forty-two acceptable cases of SP were retrieved from the literature [4, . The clinical findings for UKCD cases are summarized in Table 1 and are combined with the literature review cases in Table 2 . Case reports alleging malignant transformation [8, [32] [33] [34] [35] were excluded from our review because, in our opinion, there was insufficient evidence in the publications to support origin from a preexisting SP.
Clinical Findings: UKCD Cases
For the UKCD cases, all occurred on the hard palate. Age at diagnosis ranged from 48 to 76 years with an average age of 58.7 years. Four cases occurred in males, and three cases occurred in females. Duration ranged from 1 month to over 15 years. The size of the lesion was known in five cases and ranged from 0.3 to 1.3 cm, with an average size of 0.7 cm. The most common provisional clinical diagnosis was squamous papilloma, but other considerations included fibroma, hemangioma, mucocele, salivary gland neoplasm, and carcinoma.
Clinical Findings: All Cases
The palate was by far the most common anatomic site, with 80% of the cases occurring in this location. Lesions involving the hard palate comprised most of the palatal cases, followed by the junction of the hard and soft palate, and buccal mucosa (Fig. 1 ). Age at diagnosis ranged from 18 to 87 years. The average age was 56.4 years with a peak in the 6th decade (Fig. 2) . 63% of the cases occurred in males resulting in a male-to-female ratio of 1.7 to 1. Race was known in only 26 cases, with 81% of those cases occurring in Caucasians. The duration of the lesions prior to diagnosis ranged from 1 month to over 15 years. The average duration was 45 months, based on 18 cases in which the specific length of time was listed. The size of the lesion was known in 37 cases. Excluding the one case from the parotid gland, which measured 7.5 cm in greatest dimension, the size of the remaining intraoral lesions ranged from 0.3 to 2.0 cm with an average size of 0.8 cm. The most common provisional clinical diagnosis was squamous papilloma, but it is noteworthy that malignancy was considered in 3 cases. 
Microscopic Features: UKCD Cases
The microscopic features in our cases fulfilled the criteria for SP as outlined by Ellis and Auclair [1] . The lesions were surfaced by hyperplastic stratified squamous epithelium that displayed a papillary surface morphology. In most of our cases, the papillary projections were blunted rather than sharp (Fig. 3) . The surface epithelium often exhibited a thickened layer of orthokeratin or parakeratin. No features of epithelial dysplasia were identified. The supporting connective tissue contained a variable number of convoluted ductal structures, which often fused with the overlying surface epithelium. At the point of fusion, a cleft or crypt usually was formed (Fig. 4) . The ductal structures showed numerous papillary infoldings and were lined by a double layer of epithelium consisting of a basal layer of flat or low cuboidal cells and luminal layer of columnar cells (Fig. 5) . In two cases, the columnar cells exhibited oncocytic metaplasia (Fig. 6a) . In two cases, mucous cells lined a portion of the ductal structures (Fig. 6b) . Although the ductal proliferation was unencapsulated, no infiltration into adjacent minor salivary glands was identified. A variable number of chronic inflammatory cells were seen in the connective tissue papillae as well as in the connective tissue surrounding the ductal structures.
Immunohistochemistry: UKCD Cases
In each of our cases, the basal cells within the ductal structures were similarly immunoreactive for p63 and p40, indicating a myoepithelial immunophenotype (Fig. 7a) . p40, an isoform of p63, recently has been shown to be a more specific marker for basal, squamoid, and myoepithelial cells in salivary gland tumors [36] . Intermittent reactivity in the basal cell layer with smooth muscle actin (SMA) was also identified. In all cases, the luminal cells within the ductal structures were immunoreactive with EMA (Fig. 7b) . S-100 protein reactivity was not as specific, and stained both basal cells and luminal cells. These results indicate two cell types comprising the convoluted ductal structures of SP: a basal layer of myoepithelial cells (p40+, p63+, and SMA+) and a luminal layer of ductal epithelial cells (EMA+).
Treatment and Follow-up
All of the UKCD cases were treated by conservative surgical excision. For the literature review, conservative surgical excision was documented in 44 cases; treatment was not specified in 5 cases. The one case from the parotid gland was treated by superficial parotidectomy with preservation of the facial nerve. Follow-up information was available in 27 cases, all from the literature. Length of follow-up ranged from 2 months to 96 months. The average length of followup was 25 months for the 21 cases in which a specific length of follow-up was given. Two recurrences were recorded, each at 36 months after initial treatment, indicating a recurrence rate of 7.4%. 
Discussion
Sialadenoma papilliferum (SP) is a rare benign salivary gland neoplasm that occurs most often on the hard palate. Although the first published report of this lesion involved the parotid gland, [4] almost all subsequent case reports and short series have described intraoral lesions. Three additional cases of SP have been reported in the parotid gland, but the photomicrographs are not convincing and likely represent two examples of papillary cystadenoma and one example of Warthin tumor [37] [38] [39] . Histopathologically, SP is comprised of a papillary epithelial component that resembles squamous papilloma combined with a subjacent unencapsulated salivary gland ductal proliferation that is contiguous with the overlying papillary squamous mucosa. The ductal structures are lined by a double row of cuboidal or columnar cells that form small papillary infoldings into the ductal lumina. Scattered mucous cells and occasional areas of oncocytic metaplasia may be seen in the ductal component. A variable number of inflammatory cells, most often lymphocytes and plasma cells, typically are identified in the surrounding connective tissue.
Numerous investigators have discussed or attempted to identify the cell of origin of SP based on light microscopy, immunohistochemistry (IHC), and electron microscopy (EM). These methods have yielded variable results with most investigators suggesting excretory duct or excretory duct reserve cell origin, [10, 11, 16, 20, 26, 27, 29, 40] while others have concluded that intercalated duct cells, [24, 26] myoepithelial cells, [4, 11] or primitive precursor cells of the ductal apparatus [6] may play a role in the histogenesis of SP. Langerhans cells have also been identified, [11, 16] but their specific role, if any, in the development of SP is unknown. To date, no association with HPV has been documented [13] . While the IHC and EM features in the literature cases aid in identifying cell types seen in SP, these studies are not particularly helpful in identifying the cell of origin. Most investigators favor excretory duct or excretory duct reserve cell origin for two reasons based on light microscopic features: (1) Because SP has both a surface squamous and underlying ductal component, it likely arises from the portion of the ductal epithelium near the junction of the surface mucosa; i.e. excretory duct epithelium, (2) Because SP contains squamous cells, basal myoepithelial cells, and ductal cells, it likely arises from excretory duct reserve cells with the potential to differentiate into the three cell types.
Assured conservative surgical excision appears to be adequate treatment for SP. Based on the 27 cases in the literature with follow-up information, the recurrence rate is 7.4%. Cases of malignant transformation of SP have appeared in the literature; [8, [32] [33] [34] [35] however, in our opinion, there is insufficient evidence in the publications to unequivocally determine whether any of the malignancies truly originated within a pre-existing SP. Although the case reported by Ide et al. [8] may represent an SP with potentially malignant features, we could not entirely exclude a papillary cystadenocarcinoma with a surface papillomatosis based on the available photomicrographs. Surface papillomatosis (papillary epithelial hyperplasia) previously has been described overlying other malignant salivary gland neoplasms, most often polymorphous adenocarcinoma [41] . Of interest, rare examples of syringocystadenocarcinoma papilliferum on skin have been reported [42] [43] [44] [45] . Basal cell carcinomas have also been reported in about 10% of cases of syringocystadenoma papilliferum along with rare examples of other benign and malignant adnexal tumors [5] , but no such association has been reported in SP.
The microscopic differential diagnosis consists of exophytic ductal papilloma, intraductal papilloma, inverted ductal papilloma, and papillary cystadenoma. Table 3 shows a comparison of key features of these lesions and SP. Exophytic ductal papillomas originate from ductal epithelium and grow out through the ductal orifice (Fig. 8a) . Like SP, they fuse with the surface epithelium, but do not demonstrate the multiple submucosal convoluted ductal structures seen in SP. Intraductal papillomas are characterized by a single dilated duct with an intraluminal papillary proliferation of ductal epithelium that partially fills the duct lumen (Fig. 8b) . Unlike SP, they do not demonstrate any connection with the epithelial surface. Inverted ductal papillomas display only an endophytic growth pattern, and although some do fuse with the epithelial surface producing a porelike opening, surface papillary projections characteristic of SP are not seen. In addition, the submucosal component of inverted ductal papillomas involves an excretory duct and is comprised primarily of epidermoid (squamous) cells, which are not seen in the submucosal component of SP (Fig. 8c ). Papillary cystadenomas demonstrate multiple cystic compartments, some of which can display papillary infoldings, but do not possess the surface papillary squamous component characteristic of SP (Fig. 8d) . 
Conclusion
SP is a rare benign salivary gland neoplasm that almost always arises on the palate. The neoplasms appear to be slow growing with the average lesion having been present for almost 4 years prior to diagnosis. With the exception of the original case involving the parotid gland, the SP appears to have a limited growth potential with an average size at diagnosis of less than 1 cm. Although the lesions are not encapsulated microscopically, conservative excision is curative in most cases, with only two examples of recurrence recorded to date. In our opinion, malignant transformation has not been demonstrated convincingly. While the cell of origin is not entirely clear, the histomorphologic features showing fusion of the complex ductal component with the surface epithelium would seem to favor an origin from excretory duct reserve cells that possess the ability to differentiate into either a ductal or squamous phenotype.
